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Short description
The Lemken company provides a share changing system for the two-beam 
Kristall compact cultivator and the three-beam Karat intensive cultivator. 
Using this share changing system a farmer can remove and change an  
entire share foot from a tine within a short period of time. From shallow 
cultivation with wing shares through to deep primary soil cultivation with 
narrow shares farmers have different share variants at their disposal in 
order to quickly adjust the cultivator to a wide range of different cultivation 
scenarios.  

In the DLG-FokusTest both cultivators were fitted with different share  
variants and the work quality as well as tractive force requirement for each 
configuration determined. The following variants were used in the DLG 
test:

–  Two-beam Kristall compact cultivator (3 m working width; 7 tines)
 –  All tines were fitted with TriMix shares (K 12 P share tips (120 mm 

wide), KL 10 guide plate (100 mm wide), the share tip and wing were 
hardened).

 –  Front row was fitted with TriMix shares. Back row was fitted with 
DuoMix shares (K 12 P share tips (120 mm wide), guide plate KL 10 
(100 mm wide), the share tip and wing were hardened).

–  Three-beam Karat intensive cultivator (3 m working width; 11 tines)
 –  All tines were fitted with a K12 P share tip (120 mm wide),  

a KL 10 guide plate (100 mm wide) and KF 30 wings.
 –  All tines were fitted with a K8 P share tip (80 mm wide),  

a KL 8 guide plate (80 mm wide) and KF 30 wings.
 –  All tines were fitted with a K8 P share tip (80 mm wide) and  

a KL 8 guide plate (80 mm wide) (no wings).

Applicant
LEMKEN GmbH & Co. KG

Weseler Straße 5
D-46519 Alpen

Tel.: +49 (0)2802 81-0
Fax: +49 (0)2802 81-262

www.lemken.com

LEMKEN GmbH & Co. KG

Share changing system
Tractive force requirement und work quality
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Test content/methods

across the entire working width) is 
made across the direction of culti-
vation using a joint cutter. Next the 
soil is carefully removed on one 
side of this slit so that the profile 
wall of the cultivated soil (including 
any incorporated straw) remains in 
a stable position. A grid screen (a 
piece of metal fence consisting of 
small squares 5 x 5 cm) is then 
placed in front of this profile wall. 
In the next step the amount of straw 
in the profile wall that is behind 
each square is measured. This 
measurement is carried out across 
the entire working width of the soil 
cultivation equipment (repeated 
three times). 

Straw cover is measured in all three 
repetitions of a variant using a FAL 
straw blower.   

The length of time needed to 
change shares is measured using a 
stopwatch. The shares to be 
changed are laid ready directly 
beside the cultivator before the start 
of the change. The share change is 
carried out three times (each time 
by a different person).

In addition, during the measure-
ment the soil moisture is deter-
mined by taking soil samples and 
subsequently drying them.

Measurement runs were carried out 
on a harvested wheat plot (type of 
soil: loess clay). During harvesting, 
the straw was chaffed using a com-
bine harvester and left on the plot 
of land.  

For the DLG test the two-beam 
Kristall compact cultivator and the 
three-beam Karat intensive cultiva-
tor were fitted with different share 
variants. In the case of each share 
variant both shallow and deeper 
stubble cultivation were carried out 
(repeated three times). During the 
test a constant operating speed of 
approx. 11 km/h was aimed for.  

In addition to the necessary time 
required for changing the share 
(using the Lemken quick-change 
system), the effect of different share 
variants on the work quality and the 
tractive force requirement are inves-
tigated. 

In the DLG-Fokus Test “Share 
changing system” the following 
parameters are defined with refer-
ence to the DLG testing framework 
for soil cultivation appliances: 

–  tractive force requirement

–  working depth

–  profile of soil surface before and 
after cultivation as well as from 
the exposed cultivation horizon 
of the share  

–  soil crumbling

–  straw incorporation and straw 
cover

–  necessary time required for 
changing of share using the 
quick-change system on the 
Karat cultivator  

Other criteria were not tested.

The tractive force requirement  
is measured using the modular 
measuring system of the DLG Test 

Centre. The tractor used in the test 
was a Fendt Vario 936 (nominal 
power at 2200 U/min: 330 PS, max-
imum power at 1900 U/min: 360 
PS).

A laser sensor is used to determine 
the working depth. By using this 
sensor, the soil surface is scanned 
prior to the start of soil cultivation 
without it being touched. From the 
data measured the height profile of 
the soil surface is determined. In 
addition, the height profiles of the 
soil surface after soil cultivation are 
determined as well as the height 
profile of the exposed equipment 
horizon of the share. On the basis 
of the height profiles determined 
the average working depth and 
average intervention depth are cal-
culated (definitions of both these 
reference numbers can be found on 
page 5). 

From the data measured (generated 
from the height profile of the culti-
vated soil surface) the standard 
deviation and distance from the 
highest to the lowest point are cal-
culated. The lower the reference 
numbers calculated, the flatter the 
soil surface cultivated.

In order to demonstrate the crum-
bling effect of the cultivator the 
aggregate particle size distribution 
in the cultivation layer is measured 
and presented. 

The straw incorporation into the 
soil is determined using the grid 
screen method as per Voßhenrich 
(2003) as follows. After the soil is 
passed over with the soil cultivation 
equipment a slit (20 cm deep, 
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Description and technical data

Image 2:  
Two-beam Kristall compact cultivator (working width of 3 metres)

Image 3:  
TriMix share on Kristall compact cultivator (K 12 P share tip [120 mm wide], KL 10 guide plate [100 mm wide], 
share tip and wing are hardened)

Two-beam Kristall compact 
cultivator 9/300 U

The Kristall 9/300 U is offered by 
Lemken for shallow and medium-
deep soil cultivation (up to a work-
ing depth of 20 cm). The 7 tines are 
distributed over a working width of 
3 metres (1st row: 3 tines, 2nd row: 
4 tines). The inter-tine clearance is 
42.5 cm and the underframe clear-
ance is 80 cm. Located behind the 
tines are 6 concave discs for level-

ling. For the test the cultivator was 
fitted with a knife roller (diameter of 
roller: 60 cm). Image 2 shows the 
Kristall in operation.

Three-beam Karat intensive 
cultivator 9/300 U

The second cultivator that was used 
in the DLG test was the Karat 9/300 
U which also has a working width 
of 3 metres. This cultivator is suit-
able for shallow and deep soil culti-

vation (up to a working depth of 
30 cm). The 3 metre piece of equip-
ment is fitted with 11 tines (1st row: 
3 tines, 2nd row: 4 tines, 3rd row: 
4 tines). The inter-tine clearance is 
27 cm and the underframe clear-
ance is 80 cm. Located behind the 
third row of tines are 7 concave 
discs for levelling. A knife roller 
with a diameter of 60 cm was also 
used as a trailer for this piece of 
equipment. The cover image shows 
the Karat 9/300 U in operation.
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Share quick-change system

Both cultivators can be fitted with 
a share quick-change system.  
In this way after flipping open a 
linchpin the entire share foot can 
be removed from the tine. In order 
to open the linchpin a tool, which 
is provided, is required. For exam-
ple, a changeable share foot with 
wing shares for shallow stubble 
 cultivation can be exchanged for a 
changeable share foot with narrow 
shares for deep soil cultivation. 

Images 3-7 show the share types 
used.

Shares configuration on  
both  cultivators

Table 1 shows the different share 
variants that were fitted on both 
cultivators during the test. The 
lower row records the desired 
working depth (measured from the 
uncultivated soil surface to the 
share tips).  

Test conditions

The test was carried out in August 
2013 on land that forms part of  
the DLG International Crop Pro-
duction Centre (IPZ) in Bern burg-
Strenz feld. The test plot is suffi-
ciently homo genous and is the  
soil type “loess clay” with 95 soil 
points in accordance with German 
Soil Estimate. During the test soil 
moisture of between 19.8 % and 
23.0 % was determined.  

Image 4:  
TriMix share and DuoMix share on Kristall compact cultivator  
(K 12 P share tip [120 mm wide], KL 10 guide plate [100 mm wide],  
share tip and wings are hardened) 

Image 5:  
K12 P share tip (120 
mm wide) with KL 10 
guide plate (100 mm 
wide) and wings 

Image 6:  
K8 P share tip (80 mm 
wide) with KL 8 guide 
plate (80 mm wide) 
and wings

Image 7:  
K8 P share tip (80 mm 
wide) with KL 8 guide 
plate (80 mm wide), no 
wings

Table 1:  
Share configuration on both cultivators with desired working depth for the test 

Cultivator Kristall (two-beam) Karat (three-beam)

variant v1 v2 v3 v4 v5 v6 v7 v8 v9 v10

share Configuration
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Cultivation Depth shallow deeper shallow deeper shallow deeper shallow deeper shallow deeper

DesireD worKing Depth on the share tips (maximum working depth)

 [cm] 6  – 10 11 – 15 6 – 10 11 – 15 6  – 10 11 – 15 6  – 10 11 – 15 6  – 10 11 – 15
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Test results

Soil height before cultivation
Soil height after cultivation
Cultivation horizon of shares
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Average working depth: see orange-red arrow
Average intervention depth: mean value from the 
distances denoted by the blue arrows

Image 8:  
Mean value of the soil surface and the cultivation horizon as part of a 
measurement run for deep stubble cultivation using the Kristall cultivator  

under test conditions when carrying 
out shallow cultivation the tractive 
force requirement for the Kristall is 
less than for the Karat (comparison 
of Variants 1 and 3 with Variants 5, 
7 and 9). In the case of deeper cul-
tivation the tractive force require-
ment is higher for the Kristall than 
for the Karat. 

Levelling of soil surface

An initial visual evaluation of the 
cultivated soil surfaces did not at 
first identify any significant differ-
ences in the levelling effect of the 
different test variants. Differences 
only become visible after the culti-
vation run by means of the analysis 
of the differences in height from the 
measurement of the surface using 
the laser sensor.  

In the test carried out the cultiva-
tion using the three-beam Karat 
intensive cultivator led to a more 
significant levelling effect compared 
with the two-beam Kristall culti-
vator. This effect can be explained  
by greater number of pieces of 
equipment. 

The most intensive levelling effect 
of the entire DLG test was pro-
duced in Variant 8. In this variant 
the Karat cultivator with K8 tips, 
8 cm guide plates and wings was 
used for deeper soil cultivation. 

Working depth
As an example image 8 shows a 
graphic representation from the 
measurement of the soil surfaces of 
a repetition during deeper stubble 
cultivation using the Kristall culti-
vator (all tines fitted with TriMix 
shares). The red line shows the soil 
surface before cultivation and the 
green line shows the cultivated soil 
surface after cultivation. The blue 
line represents the measured value 
of the exposed equipment horizon 
(cultivation horizon of share).  
By using the blue line, the point  
at which each share in the cultiva-
tor worked can be identified. 

During the evaluation of the re- 
corded data two reference numbers 
were determined 
a) the average working depth 
b) the average intervention depth
Both these reference numbers are 
briefly explained as follows.

Average working depth

When loose earth is removed after 
soil cultivation with a cultivator,  
a wave profile can be found in  
the soil (blue line in image 8). The 
average working depth is the dis-
tance from the mean value of this 
blue line (= straight blue line) to the  
average height (mean value) of the 
uncultivated soil (=straight red line). 
In image 8 the average working 
depth between the straight red and 
blue lines is denoted by the orange-
red arrow. As all variants were used 
in three measurement runs in this 
test (repeated three times), a mean 
value was once again obtained 
from the three average working 
depths. These values can be seen  
in table 2.   

Average intervention depth

The intervention depth of each 
share was determined at the points 
that are marked with blue arrows 
in image 8. The mean value was 
subsequently obtained from the 
individual values. As all variants 
were used with three measurement 
runs in this test (repeated three 
times), a mean value was once 
again obtained from these three 
mean values. These values are 

recorded in table 2. In image 8 the 
soil surface after cultivation can 
also been seen (see green line).

Tractive force

Table 2 shows the results from  
the tractive force measurements for 
the investigated share variants of 
both cultivators. Depending on the 
cultivator and the share configura-
tion used in shallow stubble culti-
vation, the tractive force in the test 
is between 13.5 kN and 22.8 kN.  
In the case of deeper stubble culti-
vation the tractive force is between 
22.8 kN and 42.1 kN. The tractive 
force per centimetre of average 
working depth is located in the 
lower part of this section of the 
table.

As expected, when directly com-
pared with the same configuration 
the tractive force requirement 
increases as the working depth 
increases.  

In the case of the Kristall the share 
combination of TriMix and DuoMix 
shares has a lower tractive force 
requirement when carrying out 
deeper cultivation compared to the 
cultivator being fitted only with 
 TriMix shares. 

When considering the tractive  
force per centimetre of average 
working depth it can be seen that 
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Cultivator Kristall (two-beam) Karat (three-beam)

variant v1 v2 v3 v4 v5 v6 v7 v8 v9 v10

share Configuration
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Cultivation Depth shallow deeper shallow deeper shallow deeper shallow deeper shallow deeper

worKing Depths anD traCtive forCe requireMent (based on average of three measurement runs [repetitions])

Tractive force requirement [kN] 22.8 42.1 22.5 36.4 18.9 33.4 16.2 31.5 13.5 22.8

Average working depth [1]  [cm]   7.8 11.3   6.8 11.9   3.5 10.2   4.0 11.8   2.5   7.7

Average intervention depth [1] [cm] 10.7 14.4   9.6 15.4   5.0 10.8   5.8 11.9   5.0 11.9

Tractive force requirement per cm,  
average working depth [kN/cm] 2.92 3.73 3.31 3.06 5.40 3.27 4.05 2.67 5.40 2.96

aggregate partiCle size Distribution anD MwD (amounts in percentage weight)

Aggregate size     < 2,5 mm [%] 24.90 28.01 28.76 23.72 25.70 24.95 28.85 24.62 24.40 24.42

2,5  – 5 mm [%] 21.99 23.99 21.98 20.32 20.32 20.30 21.62 21.46 18.78 19.37

  5 – 10 mm [%] 14.91 14.50 16.58 15.12 15.69 15.57 16.07 16.10 15.08 15.17

10 – 20 mm [%] 15.66 13.56 15.70 16.19 15.27 14.94 14.11 16.00 16.35 15.22

20 – 40 mm [%] 13.20 10.77 10.79 13.60 13.58 13.49 12.73 13.92 15.40 14.00

40 – 80 mm [%]   8.17   6.84   5.25   8.09   6.69   7.61   6.62   5.97   9.40 11.82

> 80 mm [%]   1.17   2.34   0.94   2.96   2.74   3.13   0.00   1.92   0.58   0.00

MWD [2] [mm] 14.63 14.04 12.11 16.92 15.84 16.23 12.29 14.40 15.44 15.74

results of straw inCorporation into soil anD of straw Cover on CultivateD soil surfaCe

total quantity of incorporated straw measured (total of repetitions 1 to 3)

Soil horizon 0 – 20 cm   6705   7695 [3] 6595 7265 6755

 5 – 20 cm   2415 3465 [3] 2615 2080 1865

 10 – 20 cm     255   420 [3]   185   215   175

Mean value (repetitions 1 to 3) of straw cover measured on the soil surface

 [%] 40 30 40 30 43.3 30 50 30 43.3 30

Table 2:   
Working depths and tractive force requirement, aggregate particle size distribution and MWD, straw incorporation

[1]  Based on average of three measurement runs.  
For explanation of “average working depth” and “average intervention depth”, see image 8 (orange-red/blue arrow) as well as definitions on page 5 

[2]  Mean weight diameter

[3]  Highest value (largest quantity of straw incorporated into the soil)

Table 3:  
Time needed to change shares on Karat cultivator

shares dismantled and attached during the time measurement Duration [s] Duration [min:s]

Dismantled: changeable foot with fitted K8 share tip, 8 cm guide plate, no wings  
Attached: changeable foot with fitted K12 share tip, 10 cm-wide guide plate and wings 

450 7:30

Dismantled: changeable foot with fitted K12 share tip, 10 cm-wide guide plate and wings 
Attached: changeable foot with fitted K8 share tip, 8 cm-wide guide plate and wings 

485 8:05

Dismantled: changeable foot with fitted K8 share tip, 8 cm-wide guide plate and wings  
Attached: changeable foot with fitted K12 share tip, 10 cm-wide guide plate and wings  

318 5:18
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Variant 4 (front: TriMix share, back: 
DuoMix share). In the test the straw 
incorporation was measured at 
three points. It is therefore illus-
trated in three individual charts 
(repetitions 1 to 3). The colours in 
the boxes represent the percentage 
proportion of straw measured at the 
corresponding point in the cut soil 
profile and give an impression of 
the distribution of straw over the 
working width and cultivation 
depth. 

Further results from the measure-
ment of the straw incorporation are 
summarised in the lower part of 
table 2. This provides an overview 
of the totals (of all individually 
measured percentages from the 
three repetitions). In this way the 
totals are assigned to the different 
soil horizons (horizon 0 to 20 cm, 
5 to 20 cm and 10 to 20 cm). The 
greater the value, the higher the 
amount of incorporated straw iden-
tified in each soil horizon exam-
ined. 

In each of the three comparisons 
made Variant 4 (Kristall cultivator, 
front: TriMix shares, behind: Duo-
Mix shares) shows the highest total. 
Therefore under test conditions this 
combination of equipment and 
shares incorporated the greatest 
amount of straw into the soil.

Crumbling

The middle part of table 2 shows 
the results from the analysis of the 
aggregate particle size distribution. 
The lower row shows the MWD 
(Mean Weight Diameter = average 
crumb size). The proportion of 
oversized crumbs (> 80 mm) after 
cultivation was small in all variants 
with the MWD lying between 
12.11 mm and 16.92 mm in the test 
carried out. In each test variant an 
adequate amount of fine soil was 
created for the germination of vol-
unteer cereals and weed seeds as 
well as for the subsequent sowing 
of catch crops.

Under the test conditions the 
Kristall cultivator fitted with TriMix 
shares (Variants 1 to 4) produced 
somewhat more fine soil compared 
to the other share variants. 

Straw incorporation into soil 
and straw cover on soil surface 

The straw yield on the test plot was 
8.5 t/ha. The straw distribution and 
chaff quality of the combine har-
vester were visually evaluated and 
judged to be good. The measure-
ment of straw incorporation was 
only carried out in the case of 
deeper soil cultivation.

As an example image 9 shows the 
straw incorporation of the Kristall in

Straw cover

The lower row of table 2 shows 
the measurement results for  
straw cover after cultivation.  
Each value shown is the mean 
value of the three measurements 
carried out using an FAL straw 
blower. 

In overall terms the individual 
measurements in the deeper soil 
cultivation show a relatively uni-
form appearance. Irrespective of 
the cultivator used 30 % of the soil 
surface was always covered with 
straw (Variants 2, 4, 6, 8, 10).  
After the shallow cultivation values 
of between 40 % and 50 % were 
measured for the straw cover on 
the surface. Nevertheless, the  
straw cover was somewhat more 
unevenly distributed when the 
two-beam Kristall cultivator was 
used than in the variants when the 
three-beam Karat cultivator was 
used. 

It was expected that Variant 4 
which had the largest quantity of 
straw incorporated into the soil 
would yield the smallest straw 
cover on the soil surface. However 
this assumption was not confirmed 
in the test although this can be 
attributed to the somewhat crude 
increments in the measurement 
template. 

Image 9:  
Straw incorporation with Kristall cultivator using the grid screen method as per Voßhenrich in Variant 4

Working depth
0 – 5 cm

5 – 10 cm
10 – 15 cm
15 – 20 cm
20 – 25 cm

Working depth
0 – 5 cm

5 – 10 cm
10 – 15 cm
15 – 20 cm
20 – 25 cm

Working depth
0 – 5 cm

5 – 10 cm
10 – 15 cm
15 – 20 cm
20 – 25 cm

repetition 1

repetition 2

repetition 3

0 % 10 % 25 % 50 % 75 % 100 %Quantity of straw:
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Time needed to change shares 
using quick-change system on 
Karat cultivator

Table 3 shows the times calculated 
for changing shares on the Karat 
cultivator with 11 shares. The 
length of time needed was between 
318 and 485 seconds. If this time 
were applied to individual shares, 
the change time per share would be 
between 29 and 44 seconds.  

Conclusion

Under the test conditions of the 
DLG test the two-beam Kristall cul-
tivator when used for shallow culti-
vation generated less of a tractive 
force requirement than the three-
beam Karat intensive cultivator. For 
deeper cultivation the Kristall’s trac-

tive force requirement was higher 
than the Karat’s.  

The most even surface after cultiva-
tion was left by the Karat cultivator 
with K8 share tips, 8cm-wide guide 
plate and wings. Evenness tended 
to be somewhat better after the 
three-beam Karat cultivator was 
used than was the case after the 
two-beam Kristall cultivator was 
used. 

In the test the Kristall produced on 
average a smaller size of crumb 
than the Karat – i.e., finer soil was 
created. 

In the test the share combination 
TriMix/DuoMix on the Kristall 
incorporated the largest quantity of 
straw into the soil. 

In that regard the manufacturer has 
indicated that the Karat has advan-
tages in relation to work quality and 
tractive force in the case of soil cul-
tivation in working depths of more 
than 20 cm. However, this did not 
form part of the investigations car-
ried out in the DLG test described 
here. 

The Lemken share changing system 
allows for shares to be changed 
simply within a short period of 
time. For this reason, individual 
adaptation of the share configura-
tion to field conditions is possible 
without any difficulty. 

Download of all DLG test reports free of charge at: www.DLG.org/testsagriculture.html!

DLG e.V. – Test Center Technology and Farm Inputs

Max-Eyth-Weg 1, D-64823 Gross-Umstadt, Telephone: +49-69 247 88-600,  
Fax: +49-69 247 88-690, E-Mail: tech@dlg.org, Internet: www.dlg-test.de

ENTAM – European Network for Testing of Agricultural Machines, is the association of 
European test centres. ENTAM’s objective is the Europe-wide distribution of test results 
for farmers, agricultural equipment dealers, and producers.
More information about the Network is available at www.entam.com or by writing to 
ENTAM at the email address: info@entam.com


